Abstract-Infrared sequence image processing is widely used in engineering, but the research of infrared phase processing is rare. In this paper, a method of generating thermal wave phase image based on infrared phase locked-in, phase difference processing and its application in coatings defect detection and recognition are presented. The experimental results show that the method is effective and practical.
At present, a variety of estimation methods have been proposed for phase difference estimation [3] [4] [5] [6] [7] . Circuit based zero detection method calculates phase difference according to two signal zero crossing time. The calculation speed is fast, but the cost of hardware is high and the anti-interference ability is weak; Digital correlation method uses correlation function to estimate the phase difference of two signals, has good random noise suppression ability, but by the harmonic influence and sampling; High order spectrum algorithm estimates the phase difference based on complex high order spectrum with large amount of calculation; Hilbert transform method first need 90 degree phase shift of the signal, then calculate the phase difference by function between two signals before and after phase, can dynamically estimate the time-varying phase difference, but is susceptible to harmonic interference. The phase difference estimation of DFT is obtained by the phase subtraction of the maximum spectral line of the signal discrete spectrum, and the estimation accuracy is relatively high. The FFT algorithm can be used in a wide range. However, the spectrum leakage during the DFT calculation will affect the accuracy of phase difference estimation [5] [6] .
In this paper, a method of generating thermal wave phase image based on infrared phase locked-in, phase difference processing and its application in coating defect detection and recognition are presented.
II. PHASE IMAGE DETECTION
The principle of phase detection is shown in figure I . Heating equipment makes use of sine wave energy output to heat on the surface of material. The thermal wave will affect the change rate and delay of surface temperature in the process of spreading inside the material if it encountered defects or uneven thickness or other material. The surface temperature is recorded by a thermography in real time, and the phase processing algorithm is applied to temperature-time sequences, to calculate the phase and phase difference, and to detect and identify the defect location, size and other relevant information. If the temperature of a point in the infrared image is T (n), and the sequence length is N, then the discrete Fourier transform (DFT):
Where WN--N point DFT core function,
When the length of temperature signal is N, and the sampling rate of thermal imager is f s , the fundamental frequency of FFT is f 1 =f s /N, and the amplitude and phase of the harmonic component of the frequency kf 1 is.
FFT transform of the entire temperature signal are calculated, the noise of a single point will not have a significant impact on the calculation results, so the FFT algorithm has good effect of noise signal processing. At the same time, a full period sampling is used in order to ensure the accuracy of phase detection in this method.
III. STYLING EXPERIMENT AND ANALYSIS

A. Experimental Specimen
The adhesion problem between the coatings and substrate is a kind of common defects in the practical application, for example, the deboned defect of surface coatings of solid rocket motor glass fiber winding composite shells and the substrate, and the coatings on metal substrate of most the weapon system, are very easy to produce debonding defects. Therefore, the test specimens are made of two kinds of materials: aluminum and glass fiber. The coatings is made of phenolic black antirust paint, and the defects are simulated by PTFE interlayer, and the sample is made of two pieces. The specimens are shown in Figure II The fiber glass specimen specifications: length 200mm, width 100mm, substrate thickness 5mm, coating thickness 2mm, between the coatings and the substrate with 4 round PTFE layer to simulate debonding defects, debonding defect diameter is 30mm, 25mm, 16mm and 8mm.
Aluminum sample size: the substrate length 200mm, width 80mm, thickness 5mm, coatings thickness of 2mm, defects in 3 square PTFE sandwich simulation, defect side length is 30mm, 20mm and 10mm.
B. Experimental Results
Using two PAR64 series halogen lamp as the thermal excitation light source, each halogen lamp power is 1KW, the light source intensity changes with sine law, the highest frequency is 0.2Hz. The lowest is 0.002Hz. The experiment captured three cycles of temperature series infrared images, each cycle fixed 100 frames. In order to make the results more accurate, the latter two cycle temperature sequence were chosen, namely the 101~300 frame. At the center of the four defects and a non-defect point on the glass fiber specimens, a total of 5 points are selected. Figure IV is the temperature curve of the 5 points. It can be seen from the chart, the temperatures of the 5 point rise along the sinusoidal variation. The non-defect point temperature is lowest in theory. The bigger the defect size is, the higher the defect center temperature is. But in the figure, the center temperature of the defect of diameter 16mm is the highest, followed by 12mm, 25mm and 8mm. This is due to the thermal excitation light source has two halogen lamps, in which thermal excitation caused uneven heating on the surface of coatings by operation. The middle part of coatings surface get more heat, both sides get less, so the middle is high temperature. 
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FIGURE IV. TEMPERATURE CURVES OF GLASS FIBER SPECIMENS
Take 4 points in the three defect centers and defect free parts of aluminum specimens. Figure V is the temperature change curve. As can be seen from the figure, the temperature change is not consistent with the theory, which is the same as the glass fiber specimen surface heating, on the surface of the aluminum specimen, two halogen lamps heating can't be uniform. Although the diameter of 20mm and 10mm defect center temperature is very similar, but it can be clearly seen that the temperature curves of two points is different before and after. Randomly selected 6 points at far away from the defect and the defect free region in the aluminum specimens, the each point temperature curve is as shown in Figure VI . Due to nonuniform heating excitation, there are some differences between the temperatures of each point, but the temperature difference only existed in different amplitude. It can be seen from the chart, each point of the curve there is no about phase shift. This shows that although the amplitude of temperature is different, but the phase of each point is the same. It also confirmed a significant advantage of lock-in method: not affected by the uneven heating of the light source. IV. APPLICATION Take the horizontal lines along the center of the two specimens, extract the phase of temperature sequence of the pixels on the line, and do the first order difference, as shown in Figure VIII and figure IX. It can be seen that two phase difference curve contains multiple peaks and valleys from the figures. Each defective pixel range consists of a peak and a trough. Peak value occurs at the left of defects, and valley occurs at the right. In addition to difference value corresponds to four defects; phase difference also contains some small amplitude changes. This is due to the noise of specimen preparation and image capturing. The phase difference obviously changes at the left and right sides of specimen, because these pixels are so close to the edge of the specimen. Because each pixel has a fixed proportion relation with the actual size, the size of the defect can be calculated according to the pixels between the left and right edges of the defect. By calculation, the defect sizes of the two specimens are shown in Table I , respectively: The maximum error is 9.38%; the minimum is 2.08%, basically meet engineering requirements. It can be found that the smaller the defect size is, the larger the error is. The smaller the defect size is, the larger the proportion of the defect size is in the range of the phase change, and the larger the error percentage is when the defect edge position is determined.
V. CONCLUSION This article investigates the phase image detection and its application in defect recognition. Infrared imaging processing results show that the phase image is relatively clean, less interference, and have strong expression ability. The differential processing can effectively identify targets. More in-depth research is valuable. 
